M
ost ranchers realize that one aspect of keeping our ranges in productive condition is the maintenance of a mulch of dead vegetation on the soil. Many ecological papers in range management have emphasized composition and yield of vegetation, but most have not secured data on amounts or effects of mulch. Dyksterhuis and Schmutz (1947) have clarified concepts and furnished quantitative data. They included a comprehensive review of literature, much of which referred to forest research. A study of effects of mulch in true prairie has recently been completed (Weaver and Rowland, 1952) .
Studies were conducted in the college pasture 2.5 miles west of Hays, Kansas, to obtain quantitative data concerning mulch and its ef'fect upon certain ecological factors of the mixed prairie. Determinations were made on amounts of mulch, rate of decomposition, and effects on infiltration, temperature, evaporation and soil moisture. Mulch was considered as any dead vegetation lying on the soil, free of the parent plant and easily distinguishable as of organic origin.
Amounts of Mulch
During April, 1950, and June, 1953 , mulch was removed by hand from plots on upland, hillside, lowland and natural revegetation sites with varying vegetational types and treatments. Samples varied in number from 5 to 20, and in size from 0.25 to 1 square meter depending upon uniformity of sites.
The ungrazed upland short-grass site (Table 1) In a lowland relict area, a pure stand of big bluestem produced 22,610 pounds per acre of mulch. This compares with about 14,000 pounds on the unmowed banks of ravines in the mixed prairie of the Nebraska loess hills (Hopkins, 1951) . On the rocky hillsides ungrazed big bluestem produced only 9,060 pounds of mulch per acre. On grazed sites, side-oats grama made up about half the cover and mulch was reduced to 900 pounds.
In an ungrazed lowland, western wheatgrass and buffalo grass produced 3,960 pounds of mulch per acre. On grazed portions the understory of short grasses predomi- (Hopkins, 1951) .
The "natural revegetation area" mentioned in Table 1 was cultivated during the early part of the century and abandoned in 1920. A portion was excluded from grazing in 1932. The vegetation consisted mbstly of patches of sand dropseed and buff alo grass, each occurring in nearly pure stands. Western wheatsame soil. On grazed portions, the respective amounts were 2,380, 1,400 and 1,280 pounds (Table 1) .
Comparative amounts of mulch can be used as indicators of degree of utilization. On the ungrazed upland and hillside sites, the amounts of mulch were 313 and 908 percent, respectively, greater than where each was moderately grazed. In this pasture hillsides are usually utilized more fully than the uplands (Hopkins, Albertson and Riegel, 1952) . Also, since the short grasses of the upland produce a much greater portion of their total yield near the ground (Launchbaugh, 1948) , more mulch would be accumulated than under the taller grasses of the hillsides even if grazing heights were similar.
Decomposition
From three to four years were usually required for the decomposition of vegetative material on the soil. Where large amounts were present three layers of mulch could readily be distinguished. Mulch of big bluestem produced in 1952 and examined in June, 1953, was yellowish-gray and somewhat mouldy except at the surface which had the appearance of cured forage. Leaves of the second layer, produced in 1951, were dark gray and crumbled easily. Stems were mostly intact and quite resistant to breaking. Leaves in the third layer were mostly disintegrated into very small pieces and stems were black, soft and easily broken. Organic material beneath this layer, in its fourth year of decomposition, was finely disintegrated and more or less inobserved for several years. Portions removed in June of the second year showed that from 40 to 60 percent of the initial weight had been lost. Leaves of all grasses had disintegrated leaving fibrous material. By the third year the basal portion was intermixed with mineral soil; leaves were mostly decomposed, and stems were very fragile. This experiment, was carried out under favorable conditions for decomposition with above-average rainfall.
Infiltration
Infiltration or water intake of soils is regulated to a considerable extent by their vegetational and mulch covers. Duley and Kelly (1941) stress the importance of the condition of the soil surface in regulating water intake and point out that the presence of a mulch greatly improves infiltration as compared to bare soils.
Measurements of water intake on grazed and ungrazed sites in the short grass and wheatgrass types were made with 6-inch metal cylinders during June, 1953. Perforated metal baffles were placed on the soil surface in the cylinders which were driven three inches into the soil. Water was applied as fast as absorbed and rates measured for half-hour intervals for a 2-hour period. Three or more determinations were made at each location.
Differences in water intake on the grazed and ungrazed areas were evident immediately and increased with time (Fig. 1) . The decrease in infiltration rate during the 2-hour period was much greater on grazed than on ungrazed sites. grass had become established in termingled with mineral particles.
To determine if factors other certain areas in the last 10 years.
These observations were verified than the amount of mulch inUnder protection wheatgrass had experimentally by placing known fluenced water intake, all mulch eliminated most competing species, amounts of mulch, ranging in airwas removed from one sample area but a short-grass understory was dry weight from 200 to 1,800 grams, in the short grass type and represent where grazed. On ungrazed on each of 20 square-meter quadrats placed on half the plot. Water was areas, wheatgrass, sand dropseed denuded of natural mulch in April, applied directly to the soil or mulch and buffalo grass had accumulated 1950. Mulch was of a different in tests of water intake on the 6,870, 3,600 and 2,290 pounds of species than the vegetation in the mulched and denuded portions of mulch per acre, respectively, on the quadrats in order that it might, be the plot,. On the mulched half, infiltration was 183 percent greater than on the denuded half at the end of the 2-hour period. Mulch alone was not the controlling factor in water intake since this difference was not as great as that between the grazed and ungrazed areas. Rate of water intake was relatively higher in the ungrazed areas in the short grass than in the wheatgrass type although the latter had a somewhat heavier mulch cover (Table 1) . Differences in infiltration between the grazed and ungrazed sites were much more pronounced in the wheatgrass area than in short grass. These differences were proportional to the relative amounts of mulch on the grazed and ungrazed areas in these types. Weaver (1942) reported that infiltration rates in normal prairie were 2.4 times as fast as in wheatgrass.
Weaver's studies were probably performed in mowed areas in which other prairie grasses accumulated greater amounts of mulch than wheatgrass (Hopkins, 1951) . Absorption of water in the adjacent sand dropseed area was considerably slower than in the wheatgrass type. Less difference between grazed and ungrazed areas was found in the sand dropseed type as compared with the wheatgrass type. Differences in the sites occupied by the two grasses were apparently caused by amounts of mulch and the effects which the grasses had upon soil structure.
Temperature
Mulch prevents high surface temperatures and thus retards evaporation and improves the soil as a habitat for organisms. Conversely, deep mulch may retard initiation of growth by causing the soil to warm slowly.
Soil surface temperatures were found to be proportional to the amount of mulch present in a series of comparative temperature readings taken on July 22. With an air temperature of 90"F., maximum surface temperatures were recorded on a west-facing grazed hillside, which, though dominated by big bluestem and side-oats grama, had less mulch than any other area (Table 1, no. 8). In an adjacent exclosure, surface temperature under four inches of mulch was 84°F. Temperatures in the upland short grass were 99" and 90"F., respectively, on the grazed and ungrazed sites.
Evaporation
The effects of mulch depth on water loss were measured on uniform sods of short grass fitted into lgallon containers. Mulch was added to triplicate containers to the following depths: 0, 0.5, 1 and 3 inches. Water loss was recorded for a 4-week period at weekly intervals, under laboratory conditions (Table   2) .
Mulches appeared to be most effective when the soil was moist at the surface and had comparatively little influence on water loss after the surface soil dried. Mulch 0.5 inch in thickness reduced evaporation 41 percent from that of bare soil during the first week, but an additional 2.5 inches of mulch reduced evaporation only 67 percent from that of bare soil. During the fourth week losses from bare soil were similar to those of the mulched soils except for the 3-inch depth.
Soil Moisture
In their comprehensive survey of ecological conditions during drought, Weaver and Albertson (1944) stress the importance of soil moisture as the limiting factor in plant production in the mixed prairie. Tomanek (1948) , in a correlation of mulch and soil moisture, found that a moderately grazed short-grass pasture had 1,454 pounds per acre of "litter and debris," while a heavily grazed pasture had only 30 pounds. During August, the former had from 3 to 7 percent, available moist,ure in the upper two feet of soil, but there was none in the latter.
Soil moisture determinations were made during the summer of 1950 on mulched and denuded plots in ungrazed upland to evaluate the relative effects of mulch on available moisture. Duplicate samples were taken to a depth of five feet each two weeks from a g-square-meter plot from which mulch was removed on April 22 and from an adjacent undisturbed plot. The hygroscopic coefficient, determined for this area 
